A geochemical study of sediments from Ocean Drilling Program Site 983 was conducted to examine low-frequency variations in carbonate content as expressed by blue-band reflectance (450-500 nm) over the last 1.2 Ma. Sedimentary percent organic carbon, percent carbonate, and excess barium (Ba[ex]) were used as the primary tools to evaluate the factors responsible for these long-term changes. We observe positive correlation between the mass-accumulation rate of various biogenic components and the mass-accumulation rate of Ba(ex), especially in sediments younger than ~600 ka. Deeper in the section (~600-1200 ka), the correlation between Ba(ex) and the other biogenic tracers is weak. The lack of correlation between Ba(ex) and biogenic carbonate likely results either from a higher supply of terrigenous material at that time (which confounds Ba[ex] estimation), or remobilization of Ba resulting from low pore-water sulfate ion concentrations, or both. Nonbiogenic sediments at Site 983, represented by Th, K 2 O, and the molar Ti/Al ratio, exhibit cyclic variations that represent mixing between continental and oceanic (i.e., basaltic) terrigenous sources. The timing of these cycles matches that of the major glacial-interglacial cycles, which suggests that they result from the supply of continental material as ice-rafted debris during glacial periods and finegrained basaltic material by bottom currents during interglacial periods. Given these observations, the most likely causes for the low-frequency carbonate variations observed in the Site 983 sediments are shifts in surface productivity and, to a lesser extent, dilution by the input of terrigenous material.
INTRODUCTION
Color-reflectance measurement of split-core surfaces on board ship during Ocean Drilling Program Leg 162 provided a rapid, sensitive means of characterizing lithologic variability. At Site 983, shipboard spectral reflectance data demonstrated low-frequency oscillations that were driven by variations in carbonate content (Ortiz et al., Chap. 19, this volume) . Possible causes for these low-frequency carbonate oscillations include (1) time-dependent changes in oceanic productivity, (2) carbonate dissolution, or (3) carbonate dilution by terrigenous material. We performed a low-resolution paleoproductivity study of the last 1.2 m.y. at Site 983 to determine whether the observed low-frequency carbonate variations were related to changes in productivity. Total organic carbon, percent carbonate, excess barium (denoted as Ba [ex] ), and a suite of major and minor geochemical elements were used to accomplish this task.
GEOLOGIC SETTING
Site 983 was drilled on the Gardar Drift (Fig. 1) , a sediment drift deposited on the eastern flank of the Reykjanes Ridge along the northwest margin of the Iceland Basin. The northward flow of warm, saline North Atlantic surface water between Iceland and the Shetland Islands (Norwegian Current) and the southward flow of cold, polar surface water and ice through the Fram Strait (East Greenland Current) are the most prominent surface currents affecting this location. Sediments recovered from Site 983 are characterized by cyclic deposition of marine biogenic particles, ice-rafted debris (IRD), and redeposited fine-grained material carried by bottom currents associated with Iceland-Scotland Overflow Water (ISOW). There is no evidence of significant sediment disturbance or erosion at this site, although moderate bioturbation is present throughout.
The high sedimentation rate at this drift site provides an unprecedented record of both glacial-interglacial and millennial-scale variations in thermohaline circulation, surface-water temperature, and icerafting history during the late Pliocene and Pleistocene (e.g., Raymo et al., 1998) . These high-frequency oscillations are superimposed on the long-term variability that is the focus of this study.
METHODS AND MATERIALS
All the shore-based analytical work presented here was conducted at the Ocean Research Institute, University of Tokyo. Shipboard spectral reflectance observations sparked the initial idea for this postcruise geochemical study. Spectral reflectance data for Site 983 were generated during Leg 162 using an updated version of the split-core analysis track (SCAT), an automated reflectance spectrometer developed at Oregon State University and first described by Mix et al. (1992) . A description of the revised instrument can be found in Ortiz et al. (Chap. 19, this volume) . The instrument measures light reflected off the wet surface of a split core in the wavelength range from 250 to 950 nm using a 1024-channel detector. Calibration of the instrument to yield absolute reflectance is achieved using both internal and external standards.
Sediment color can be used to delineate the extent of oxic and anoxic sediment conditions as well as lithologic composition because sediment brightness usually depends on carbonate content (Nagano and Nakashima, 1992; Mix et al., 1992; Harris et al., 1997; Ortiz et al., Chap. 19, this volume) . Although carbonate such as that produced by marine foraminifers and coccolithophorids is highly reflective across all visible wavelengths of light, it tends to exhibit reflectance maxima in the blue wavelength range from 450 to 500 nm (Mix et al., 1992) . Blue-band reflectance is thus well correlated with percent carbonate ( Fig. 2A) . For that reason, we used the 450-500 nm blue-band reflectance data generated by the SCAT to guide our choice of sam-pling intervals. A total of 65 discrete samples were selected from peaks and troughs in the spliced reflectance record from Site 983 for in-depth geochemical analysis (Fig. 2B ). Because each sample was taken from a sediment interval with a matching reflectance measurement, the discrete samples provided carbonate data to calibrate the spliced SCAT measurements at this site. This allowed us to obtain a high-resolution proxy carbonate record by simple linear regression: proxy% carbonate = 3.13 × (blue reflectance%) -11.74.
The regression has an r 2 value of 0.84 and a root mean square error of 4.07%. This calibration is valid for percent blue reflectance values >3.75%. Below that threshold, sediment lightness is independent of carbonate content. The reflectance-based proxy percent carbonate data thus allowed us to determine high-resolution CaCO 3 mass-accumulation rates.
To determine the age of sediments from 0 to 90 meters composite depth (mcd), we used an age model based on oxygen isotope data from Channell et al. (1998) and J. McManus (unpubl. data) . This age model consists of 30 isotope events derived from a 1444-sample planktonic foraminiferal oxygen isotope record. This yields an average temporal resolution of ~25 k.y. between age control points. For comparison, the age resolution of our discrete samples is ~18 k.y. Below 90 mcd, we relied on shipboard magnetostratigraphic and biostratigraphic datums (Jansen, Raymo, Blum, et al., 1996) . Used in conjunction with the shipboard physical properties bulk density measurements (Jansen, Raymo, Blum, et al., 1996) , this age model allowed us to generate mass-accumulation rates for study of the lowfrequency variability observed in these sediments. This age model and its associated mass-accumulation rates are sufficient for this lowresolution study. The age-control points, sedimentation rates, and the ages of each discrete sample are provided in Tables 1 and 2 .
Bulk Sediment Composition
Splits of the sediment samples were dried and powdered for total carbon (TC) and total organic carbon (TOC) analysis (Table 3) . Defined as the sum of TOC and inorganic carbon, TC was measured on unacidified, powdered samples using a Yanagomoto MT-2 carbonhydrogen-nitrogen analyzer. The TOC content of the powdered sample was then analyzed following treatment with 1-N hydrochloric acid. The amount of inorganic carbon (taken as biogenic carbonate) was estimated by difference from the TC and TOC measurements:
CaCO 3 (wt%) = (TC wt% -TOC wt%) × (100/12).
Opal percentages (Table 3) were estimated by smear-slide analysis from the sum of diatom, radiolarian, and sponge spicule percentages. Aluminosilicate content (Table 3 ) was estimated by difference: percent aluminosilicate = 100% -biogenic fractions (TOC, CaCO 3 , and opal). Excess barium (Ba[ex] ) determinations given in Table 3 are described below.
Major and Minor Element Concentration
Major and minor elements were measured on splits from each sample by X-ray fluorescence (XRF) using a Rigaku model 3270 XRF (Tables 4, 5 ). Samples were powdered for 10 min in a ball mill after drying overnight at 105°C. Fusion beads were then prepared from 0.4 ± 0.0002 g sediment mixed with 4 ± 0.002 g Li-tetraborate and held in a vinyl chloride ring for XRF analysis. Barium and the other minor elements were measured on a carbonate-free basis. Carbonate and organic carbon was removed from the powdered sediment by the addition of 4-M acetic acid (Hyun, 1997) .
The reproducibility of these results between runs was tested by replicate analysis of standards with known elemental concentration and samples with unknown elemental concentrations. Analytical error for the major elements ranged from 1% to 5%. Representative duplicate experimental results for the minor elements are given in Table  6 . Minor elements typically exhibit errors <1% on both standards and unknown samples. In the case of barium, errors did not exceed 1% on either standards or unknown samples and were independent of the measured Ba concentration.
Determination of Excess Barium (Ba[ex])
Although its formation mechanism is not well understood, nonmatrix-bound Ba, sometimes called bio-Ba but referred to here as Ba(ex), has been used as a productivity proxy in a variety of oceanic settings (Schmitz, 1987; Bishop, 1988; Dehairs et al., 1980 Dehairs et al., , 1990  Jansen, Raymo, Blum, et al., 1996) . Dymond et al., 1992; François et al., 1995) . The sedimentary sources of barium can be classified into five main components: (1) barite attached to discrete particles (Ba[ex] , which is useful as a paleoproductivity proxy), (2) barium bound in biogenic carbonate, (3) barium bound in biogenic opal, (4) barium bound in organic matter, and (5) barium bound in aluminosilicates. The use of barium as a productivity proxy requires that total barium measurements be corrected for contributions from each of the bound barium forms listed above. In hemipelagic settings, most of the bulk sedimentary barium is clearly related to terrigenous aluminosilicate materials, making that form of barium the greatest likely source of error in Ba-based productivity estimates (Dymond et al., 1992) . To estimate the amount of barite possibly related to total surface production, we used a modified version of the normative algorithm from Gingele and Dahmke (1994) :
where Ba(bound component) = (W ppm × CaCO 3 wt%/100) + (X ppm × opal%/100) + (Y ppm × TOC wt%/100) + (Z ppm × aluminosilicate%/100).
The weighting coefficients W, X, Y, and Z represent the average concentrations of barium in each bounding component. Gingele and Dahmke (1994) used values of W = 30 ppm for carbonate-bound Ba from Lea and Boyle (1989) , X = 120 ppm for opal-bound Ba from Riley and Roth (1971) , Y = 60 ppm for TOC-bound Ba from Martin and Knauer (1973) , and Z = 400 ppm for terrigenous-bound Ba, although a value of 452 ppm from Taylor et al. (1964) may be more appropriate. The greatest source of potential error in Ba(ex) determinations thus arises from aluminosilicate-bound (and, to a lesser extent, opalbound) barium resulting from their higher average Ba content than TOC or carbonate. Because Ba(total) is defined here on a carbonatefree and TOC-free basis, Ba(ex) was calculated using a simplified algorithm:
Ba(ex) = Ba(total) -(120 ppm × opal%/100) -(452 ppm × aluminosilicate%/100). Excess barium determinations generated with this modified algorithm can be found in Table 3 . Inclusion of the correction terms for carbonate-bound and TOC-bound barium would decrease the Ba(ex) estimates presented here by <7% on average, in all but five samples with Ba(ex) concentrations <20 ppm. In samples with Ba(ex) concentrations <20 ppm, the additional corrections would represent a significant fraction of the reported Ba(ex) values. Use of these additional correction factors would not, however, alter the structure of the downcore Ba(ex) record and thus do not affect the results presented here. Our approach is problematic in those sediments with very high terrigenous barium contributions or in which diagenetic barium remobilization has occurred (as discussed below). In the former case, 23 of the samples had estimates of terrigenous-bound barium that exceeded the measured barium content. It was thus not possible to estimate meaningful Ba(ex) values for these samples using this method.
RESULTS

Sediment Composition and Lithologic Changes
Sediments at Site 983 vary in composition from ~10% to 50% biogenic material by weight. The primary biogenic component is calcium carbonate, which varies from 2.81 to 48.24 wt% with an average value of ~16 wt%. Biogenic silica content is highly variable, whereas TOC rarely exceeds 0.5 wt% (Table 3 ). The C/N weight ratio is commonly used to characterize various types of organic matter (Müller and Suess, 1979; Stein, 1990) . The sediment C/N ratio at Site 983 is mostly <10, a typical marine value, which indicates no significant terrestrial component (Jansen, Raymo, Blum, et al., 1996) . Thus, the organic carbon signature at this site can be interpreted to some extent as a marine organic productivity proxy. We also observe a strong correlation (r 2 = 0.83) between color reflectance and carbonate content (Fig. 2) , consistent with results from Harris et al. (1997) and Ortiz et al. (Chap. 19, this volume) . Downcore concentrations of major elements ( Fig. 3) indicate that the sediments exhibit fairly constant SiO 2 content, concordant with shipboard smear-slide observation (Jansen, Raymo, Blum, et al., 1996) . At ~420-600 ka between 50 and 70 mcd, there is a significant geochemical shift in which the concentrations of most major and minor elements decrease (Fig. 3; Tables 4, 5) . This difference in chemical composition between the upper and lower parts of the record probably results from differences in the supply of clastic material and a potential change in terrigenous provenance at ~600 ka. However, carbonate-free Th and K 2 O covary throughout the record (arrows in Fig. 3 ). The molar Ti /Al ratio exhibits a strong inverse correlation with carbonate-free Th and K 2 O (r = -0.93 relative to carbonate-free Th, N = 65). The timing of these cycles in terrigenous composition is Channell et al. (1998) , with the exception of the depth and age of the Brunhes/Matuyama boundary (780 ka), Jaramillo top (990 ka), Jaramillo bottom (1070 ka), and last occurrence of Gephyrocapsa spp. A/B (N) (1230 ka), which are used as reported in Jansen, Raymo, Blum, et al. (1996) . NA = not available. linked to the major Northern Hemisphere glacial-interglacial cycles (Fig. 3) . The strong inverse correlation between the molar Ti/Al ratio and carbonate-free Th implies that the terrigenous material at this site is derived from two components. This can be seen clearly in plots of the molar Ti/Al ratio vs. carbonate-free Th (Fig. 4A) or TiO 2 vs. Al 2 O 3 (Fig. 4B) . Estimates of the geochemical composition of potential end-members including continental terrigenous material (based on an average of continental shield sample [Taylor and McLennan, 1985] ), nonrhyolitic, Icelandic basalt (C. Langmuir, pers. comm., 1998), high-Ti suite basalts of the southwest Faeroe Islands (Waagstein, 1988) , and red-bed clays from the Iceland-Faeroe Ridge (Parra et al., 1986) are plotted in Figure 4A and 4B for comparison with data from the Site 983 sediments. These data indicate that the Site 983 sediments are derived from a mixture of a continental IRD component (low Ti, high Al, and high Th) and an oceanic, basaltic component (high Ti, high Al, and low Th). Biogenic particulates (CaCO 3 and opal), which are low in Ti and Al in comparison to the terrigenous material, act to some extent as a diluent (Fig. 4B) .
The location of Site 983 and the high sediment TiO 2 content suggest the Icelandic basalt as a potential source of the oceanic endmember. However, the TiO 2 content of these sediments and their molar Ti/Al ratio exceed that of Icelandic basalt. Because the TiO 2 and Al 2 O 3 contents of basalt are not easily altered during mechanical or physical weathering (Gislason et al., 1996) , alteration cannot explain this discrepancy. The Al 2 O 3 and TiO 2 contents of the most enriched samples from Site 983 (Fig. 4B ) lie between those of Icelandic and high-Ti suite basalt from the southwest Faeroe Islands, which were formed during an earlier phase of Icelandic hot spot volcanism (Waagstein, 1988) . The intermediate behavior of the Site 983 sediments between these two oceanic components is also clear from the molar Ti/Al ratio and carbonate-free Th content of the sediments (Fig. 4A) . The sediments of the Gardar Drift are thus not derived solely from eroded Icelandic basalt as hypothesized by Ruddiman and Bowles (1976) but must contain a significant contribution of basalt eroded from the Faeroe Islands as well. The fact that this material is derived from a mixture of Icelandic and Faeroe Island basalt precludes us from quantitatively separating the terrigenous sediments at Site 983 by mass balance because the exact chemical composition of this complex basaltic end-member is not currently well known. This is unfortunate because such a procedure might have provided a better means of correcting for terrigenous Ba content, allowing us to generate improved Ba(ex) estimates.
The most likely means of transporting material from the Faeroe Islands to the Gardar Drift is as fine-grained particles carried by the ISOW. The extremely high TiO 2 content and molar Ti/Al ratio of the Iceland-Faeroe Ridge red-bed clays (~0.6) suggest that they have not contributed significantly to the sediments of the Gardar Drift during the past million years. During glacial periods, the dominant terrigenous component deposited on the Gardar drift is poorly sorted IRD, whereas during interglacial periods, fine-grained basaltic material supplied by bottom currents dominates. Our data provide longer records with significantly better age control than the data of Ruddiman and Bowles (1976) and Grousset et al. (1982) , who observed similar glacial-interglacial variability in the terrigenous composition of North Atlantic sediments. Consistent with this interpretation, glacial-interglacial cycles in clay mineralogy have recently been reported for nearby core SU 90-33 and at other North Atlantic sites (BoutRoumazeilles et al., 1997).
DISCUSSION
Variations of Ba(ex) and Diagenetic Remobilization
Apart from barite-phase barium, aluminosilicate-related barium and various biogenic-bound forms of barium may contribute significantly to the total sediment barium content, especially in nearshore and shallow-water environments (Dymond, 1981) . The accumulation rate of sedimentary barium thus depends not only on biogenic surface-water productivity but also on dissolved barium concentration in the water column and the depth of sediment deposition. In addition, anoxic mobilization and hydrothermal activity have been known to produce relatively high levels of authigenic barium unrelated to surface bioproductivity (von Breymann et al., 1990; Torres et al., 1996) . Notes: Opal contents are derived from smear-slide data. Diatoms, radiolarians, and sponge spicule contents were added and interpolated. Aluminosilicate contents were calculated by 100% -biogenic fractions (TOC, CaCO 3 , and opal). Ba(ex) was calculated using the modified algorithm of Gingele and Dahmke (1994 Understanding the diagenetic mobilization of sedimentary barium is thus essential for the application of excess barium as a paleoproductivity proxy. In this study, the degree of diagenetic mobilization was evaluated by two methods. First, we checked the interstitialwater sulfate ion concentration at Site 983 (Fig. 5) . In anoxic sediments, the associated decrease in pore-water sulfate concentration leads to enhanced dissolution of barite and remobilization under sulfate-reducing conditions (von Breymann et al., 1992) . Intense diagenetic remobilization under sulfate-reducing conditions can lead to the production of a barite front (e.g., Torres et al., 1996) or to significant increases in dissolved barium within the sulfate reduction zone (von Breymann et al., 1990) . At Site 983, in sediments deeper than ~90 meters below seafloor (mbsf) or ~100 mcd, sulfate ion concentration is extremely low, ranging only from 0 to 0.2 mM (Jansen, Raymo, Blum, et al., 1996) . This extremely low pore-water sulfate ion concentration is sufficient to foster remobilization of sedimentary barium and thus compromises the usefulness of Ba(ex) as a paleoproductivity proxy below 100 mcd at this site. Pore-water barium content was not measured during Leg 162, and our relatively coarse sampling resolution is not sufficient to precisely define the location of the barite front, although a peak in total Ba (589 ppm) at 100 mcd is consistent with the pore-water sulfate data and thus may be associated with the barite front.
As a second test of Ba remobilization, we compared the downcore, carbonate-free, Ba profile with those of several major and minor elements as potential indicators of diagenetic influence. For example, variations in Mn concentration can indicate the initiation of diagenetic processes that may be associated with Ba remobilization (Frol- The terrigenous material in these sediments is derived from two components: continental IRD and oceanic basalt. Continental end-member composition is from Taylor and McLennan (1985) . Icelandic basalt endmember composition is from C. Langmuir (unpubl. data). Faeroe Island Basalt end-member composition is from Waagstein (1988) , and Iceland-Faeroe Ridge clay composition is from Parra et al. (1986) . ich et al., 1979; von Breymann et al., 1992) . The concordant variation of MnO (%) and carbonate-free barium below 100 mcd at Site 983 (Tables 4, 5 ) provides some additional evidence for the presence of remobilized Ba, although the complexity of the pore-water Mn cycle does not make this result entirely conclusive. Because of the possibility of Ba remobilization below 100 mcd at Site 983, Ba(ex) below that depth cannot be trusted as a reliable paleoproductivity proxy.
Low-Frequency Lithologic Variations at Site 983
The use of a variety of paleoproductivity proxies is advisable in most cases as each proxy is subject to different postdepositional changes. For this reason, we have used Ba(ex), TOC, and CaCO 3 (by direct measurement and through reflectance-based proxy estimates) to explore the low-frequency lithologic variability at Site 983. These carbonate variations, which occur on time scales spanning several glacial-interglacial cycles, could result from long-term changes in oceanic productivity, dissolution, and/or dilution by fine-grained terrigenous material carried to the site by ISOW.
Although we have not directly assessed the effects of dissolution as part of this study, there is evidence to indicate that dissolution at this site is likely to be of relatively minor importance. Site 983 was drilled in 1983 m water depth on the Gardar Drift (Fig. 1) . Today, this site is bathed by ISOW. This component of lower North Atlantic Deep Water extends to depths of at least 2400 m in this region of the North Atlantic (Oppo and Lehman, 1993) . More corrosive southern source waters are thus situated well below Site 983 during the Holocene, and presumably during similar interglacial periods as well. However, during the last glacial maximum, a strong gradient between Glacial North Atlantic Intermediate Water and southern source water existed near the depth of this site (Oppo and Lehman, 1993) . It is possible that dissolution occurred during glacial periods at Site 983, but visual observations of glacial foraminiferal shells from this site show no obvious signs of this.
Another possible source of carbonate variability at this site, dilution by fine-grained material, may be of some significance and deserves further attention. To account for potential dilution of sediment carbonate content by fine-grained terrigenous material, we calculated sediment mass-accumulation rates using the detailed age model described in a previous section (Fig. 6) . SCAT reflectance values provide a high-resolution signal for comparison with the discrete carbonate samples (Fig. 6D ). This comparison demonstrates that the discrete samples capture the full range of the low-frequency variability in these sediments. These calculations demonstrate that the total massaccumulation rate for the past 1.2 m.y. at Site 983 has been dominated by the aluminosilicate flux to this site (Fig. 6B, C) . The overall pattern of aluminosilicate mass-accumulation rate is characterized by a long-term decrease from 1200 to ~480 ka, followed by high values that once again gradually decrease toward the Last Glacial Maximum. This pattern differs considerably from that of the carbonate mass-accumulation rate (Fig. 6D) , TOC mass-accumulation rate (Fig. 6E) , and to some extent the Ba(ex) mass-accumulation rate (Fig.  6F) . Mass-accumulation rates of the biogenic constituents are punctuated by high accumulation-rate events superimposed on a constant background. We visually estimate that these "events," which are best characterized in the carbonate mass-accumulation rate data, have durations of ~200 k.y. and are composed of bundles of glacial-interglacial cycles. Their timing does not seem to be defined by the occurrence of major stratigraphic boundaries such as the Brunhes/Matuyama boundary or the transition from the 40-to the 100-k.y. world (Raymo et al., 1997) . If terrigenous dilution were the dominant cause for the low-frequency variability in the biogenic mass-accumulation rates (MARs), we would expect to see an inverse correlation between the aluminosilicate MAR and that of the biogenic components (i.e., TOC, CaCO 3 , and Ba [ex] ). In contrast, we observe weak positive correlation with r 2 values ranging from 0.18 to 0.40 between the aluminosilicate and the biogenic MARs (Fig. 7A, C, E) . These positive correlations may indicate greater preservation of biogenic constituents in high accumulation-rate sediments. In contrast to the weak correlations between aluminosilicate and biogenic MARs, we observed stronger correlations (r 2 values ranging from 0.54 to 0.70) between the MARs of the biogenic components (Fig. 7B, D, F) . Because the aluminosilicate mass-accumulation-rate pattern is not strongly correlated with the MARs for TOC, CaCO 3 , or Ba(ex), we infer that carbonate dilution is not the primary cause of the low-frequency variations in sedimentary carbonate content at this site. The stronger positive correlations between the biogenic MARs suggest that variations in oceanic production play a more important role in the low-frequency variability we observed.
To summarize, the carbonate-free Th, TiO 2 , and Al 2 O 3 data we present express a long-term cyclicity that is linked to glacial-interglacial cycles. This relationship suggests that these chemical constituents and the molar Ti/Al ratio in these sediments provide useful fingerprints at this site of continentally derived IRD (which dominates during glacial periods) and fine-grained basaltic material carried by the ISOW (which dominates during interglacial periods). Although estimates of Ba(ex) were difficult to make in some of these sediments because of either high aluminosilicate composition from mixed terrigenous sources or diagenetic Ba remobilization at depth, we are encouraged by the positive correlation between TOC, CaCO 3 , and Ba(ex). This correlation suggests that Ba(ex) does carry information regarding paleoproductivity at these sites. The stronger positive correlations between the biogenic MARs than with the aluminosilicate MARs imply that variations in oceanic production play a role in the low-frequency variability at Site 983.
CONCLUSIONS
Major and minor elemental concentrations, total organic carbon, and Ba(ex) were investigated to evaluate the long-term lithologic variability at Site 983 and to evaluate the factors contributing to lowfrequency carbonate variations first observed by sediment spectral reflectance. We observed cyclic variations in the concentration of carbonate-free Th, K 2 O, and the sediment Ti/Al ratio. These cycles represent mixing between continental and oceanic basaltic terrigenous sources. The timing of these cycles matches that of the major glacial-interglacial cycles, which suggests that the cycles result from the supply of continental material IRD during glacial periods and fine-grained basaltic material by bottom currents during interglacial periods. These variations in sediment terrigenous component made estimation of Ba(ex) in some sediment samples difficult.
The correlation between the TOC MAR, CaCO 3 MAR, and Ba(ex) MAR-especially in sediments younger than ~600 ka-was stronger than the correlation of any of these components to aluminosilicate MARs. Weak positive correlations between the biogenic components and aluminosilicate MAR could indicate enhanced preservation during times of high total MAR. Given the shallow depth of Site 983 and inferences from published foraminiferal carbon isotopes as a tracer of regional bottom-water masses, large changes in dissolution at this site seem unlikely. These observations suggest that the most plausible causes for the low-frequency carbonate variations observed in the Site 983 sediments are shifts in surface productivity and, to a lesser extent, control by the input of terrigenous material. Deeper in the section (~600-1200 ka), the correlation between Ba(ex) and the other biogenic tracers is weak. This lack of correlation between Ba(ex) and biogenic carbonate likely results from either the higher supply of terrigenous material in older sediments or remobilization of Ba because of very low pore-water sulfate ion concentrations.
